Abstract. An effective therapeutic strategy for suppressing liver fibrosis should improve the overall prognosis of patients with chronic liver diseases. Although enormous efforts are ongoing to develop anti-fibrotic agents, no drugs have yet been approved as anti-fibrotic agents for humans. Insulin resistance (IR) is reportedly involved in the progression of liver fibrosis. The aim of the present study was to evaluate the effect of combination treatment with a clinically used branched-chain amino acid (BCAA) and an angiotensin-converting enzyme inhibitor (ACE-I) on several fibrotic indices in patients with liver cirrhosis under the condition of IR. BCAA granules (Livact; 12 g/day) and/or ACE-I (perindopril; 4 mg/day) were administered, and several indices were analyzed. A 48-month follow-up revealed that the combination treatment with BCAA and ACE-I markedly improved the progression of serum fibrosis markers, whereas single treatment with either BCAA or ACE-I did not exert these inhibitory effects. The plasma level of transforming growth factor-β was significantly attenuated almost in parallel with the suppression of serum fibrosis markers. Furthermore, the combined treatment with BCAA and ACE-I improved the serum albumin level and IR, which was evaluated using the homeostasis model assessment method for IR. Taken together, since both BCAA and ACE-I are widely used with safety in clinical practice, these results indicate that this combination therapy may represent a potential new future strategy against liver fibrosis development in patients with liver cirrhosis under the condition of IR.
Introduction
It is now widely recognized that development of hepatic fibrosis is associated with progression of chronic liver diseases (1) (2) (3) . Liver fibrosis is characterized by excessive deposition of extracellular matrix (ECM), which leads to severe pathophysiological disturbance in the liver regardless of its etiology, such as hepatitis C virus (HCV). Advanced fibrotic change was previously considered irreversible, even after withdrawal of the liver-injuring agent. Fibrosis, however, is now regarded as a dynamic and potentially reversible process (2, 4, 5) . Although enormous efforts are ongoing to develop anti-fibrotic agents, no drugs have been approved as anti-fibrotic agents for humans (4, 6) .
Recent studies have revealed a close relationship between insulin resistance (IR), i.e., co-existence of high blood glucose and insulin levels, and the progression of liver diseases, including liver fibrosis development (7) . Cross-sectional human studies have been shown that IR is a consistent finding in patients with type 2 diabetes mellitus (DM) (8) . Experimental evidence for the contribution of HCV in the development of IR and DM have been found in a HCV-transgenic mouse model (9) . Moreover, several human studies have demonstrated that IR is a risk factor of advanced fibrosis in patients with chronic hepatitis C (CHC), and IR itself may contribute to the liver fibrosis progression in CHC (10) (11) (12) . Moreover, a similar close interaction could be observed in patients with other morbidities, such as non-alcoholic fatty liver diseases (NAFLD) (13) . Either high glucose or insulin increased the production and expression of collagen genes in activated hepatic stellate cells (HSCs), which play a pivotal role in the liver fibrosis development in vitro (14, 15) . We previously reported that the IR itself significantly promoted the liver fibrosis development (16) . Accordingly, the agents which induce IR improvement and have anti-fibrotic activity would be useful to improve the development of liver fibrosis under the condition of IR.
The branched-chain amino acids (BCAA) comprise three essential amino acids, namely, leucine, iso-leucine and valine. Previous studies have shown that long-term supplementation with BCAA granules (a mixture of these three amino acids) to patients with liver cirrhosis improved the nutrition status, such as hypoalbuminemia and event-free survival (17, 18) . In addition, it has been revealed that BCAA suppressed the development of hepatocarcinogenesis in patients with HCV-related cirrhosis, type 2 DM and obesity that is often associated with IR (19) . BCAA are also known to modulate insulin signaling. They induce glucose uptake and improve glucose metabolism in rats with liver cirrhosis (20, 21) . BCAA reportedly improved IR in the animal model as well as in the clinical practice (22, 23) . A recent study has revealed that BCAA may also exert an anti-fibrotic effect under the condition of IR in murine fibrosis development (22) .
It has been reported that the renin-angiotensin system (RAS) is activated in patients with chronic liver diseases, such as cirrhosis (24) . It has been revealed that angiotensin-II (AT-II) induced HSC contraction and proliferation (25) . We previously reported that a clinically used angiotensin-converting enzyme (ACE) inhibitor (ACE-I) and AT1-R blockers (ARB) significantly attenuated experimental liver fibrosis development and suppressed the activated HSC (Ac-HSC) (26) . In addition to BCAA, ACE-I is also known to attenuate the IR status both in vivo and in vitro (27) . Since agents which possess both anti-fibrogenic effects and IR-improvement effects would be suitable for patients with IR, this combination regimen of BCAA and ACE-I would be one of the most effective therapeutic modalities.
In the present study, we examined whether the combination of BCAA and ACE-I suppressed the liver fibrosis development in patients with cirrhosis under the condition of IR, and we discussed the possible mechanisms involved.
Patients and methods
Patients. This study was conducted on 110 patients with cirrhosis associated with hepatocellular carcinoma (HCC), who were admitted to our hospital between May 2004 and July 2006. All patients received curative therapy with percutaneous radiofrequency ablation (RFA) for prior HCC, and were confirmed to be free of any residual HCC by several imaging modalities. The IR index was calculated on the basis of fasting values for glycemia and insulinemia, according to the homeostasis model assessment (HOMA-IR) method, as described previously (28) . We also performed the 75-g oral glucose tolerance test (OGTT), and a certified doctor of the Japan Diabetes Society confirmed the status of IR of the enrolled patients. The clinical profiles, laboratory data and characteristics of the patients are shown in Table I . We recommended all patients to stop alcohol intake completely. All patients gave written informed consent before participating in this study. The protocol was approved by the Institutional Review Board (IRB) of the Nara Medical University, and the study was conducted in conformity with the ethical and humane principles. We carefully followed the CONSORT Statement for randomized studies to perform the present analysis.
Study design. After completing the curative therapy for HCC, we enrolled 110 patients. Among them, we were able to follow up 89 patients. These 89 patients were randomly divided into four groups of matching clinical background (e.g., age and gender), IR status and serum fibrosis markers. The control group (Group 1; G1; n=26), combination-treated group (Group 2; G2; n=28), and the single-treatment groups with either ACE-I (perindopril; 4 mg/day) (G3; n=19) or BCAA granules (Livact; 12 g/day) (G4; n=16) were followed up for 48 months. The respective doses of both compounds are standard doses in the clinical practice.
Evaluation of laboratory data. The serum fibrosis markers, namely, hyaluronic acid and type IV collagen 7S (7S-collagen), were measured before and after the treatment in all patients by latex agglutination and enzyme immunoassay (EIA), respectively, by routine laboratory methods. The serum level of transforming growth factor β (TGF-β) was measured by ELISA kit (R&D Systems, Tokyo, Japan) according to the manufacturer's instructions as described previously (29) . Other serum biochemical markers, such as alanine transaminase (ALT), were measured by the routine laboratory methods.
Statistical analysis.
To assess the statistical significance of the inter-group differences in the quantitative data, Bonferroni's multiple comparison test was performed after one-way analysis of variance (ANOVA). This was followed by Barlett's test to determine the homology of variance.
Results
Patient characteristics. The characteristics of the enrolled patients are shown in Table I . There were no significant differences among the patients of all groups in terms of age, gender, etiology of the disease or background liver function (Child-Pugh score). Both ACE-I and BCAA are widely used without serious adverse effects, and the safety of their longterm administration has been proven in clinical practice. In the present study, there were no severe toxic effects in any group, and no abnormal laboratory data were found that could likely be related to treatment with either ACE-I or BCAA. Accordingly, after randomization, we were able to follow up all of the enrolled patients in each group until the end of the study protocol.
Serum fibrosis markers.
To examine the therapeutic effects of BCAA and/or ACE-I on the progression of liver fibrosis in the patients with cirrhosis, we compared several fibrosis markers for 48 months after the respective treatment. As shown in Fig. 1A , there were differences in the serum hyaluronic acid level among the groups. Without treatment (G1), the mean serum hyaluronic acid level increased during the follow-up (48 months). The combination treatment with BCAA and ACE-I (G2) significantly suppressed the increase in serum hyaluronic acid level as compared to the control group (G1) for 48 months. On the other hand, single treatment with either ACE-I (G3) or BCAA (G4) did not exert any inhibitory effect as compared to the control group (G1). The percentage of change in the hyaluronic acid among the groups showed results similar to those of the definite mean serum hyaluronic acid level (Fig. 1B) . Similar results were observed in the 7S-collagen levels (Fig. 2) . Biochemical markers and serum TGF-β level. We compared several markers among the enrolled patients following the 12-month treatment (Table II) . The mean blood pressure decreased in the combination-and ACE-I-treated groups, but there were no significant differences between the groups. Furthermore, there were no significant differences in the ALT level between the combination-treated and other groups, indicating that the suppressive effect of this combination treatment on fibrosis progression was not due to anti-hypertensive or cytoprotective activities. Since TGF-β is known as a key cytokine in liver fibrosis development, we next measured the TGF-β level in all groups. The alterations of the TGF-β level were almost parallel to those of the fibrosis markers. The BCAA + ACE-I treatment significantly attenuated the TGF-β level at the end of the study (Fig. 3) . As shown in Fig. 4 , on the other hand, the serum albumin level significantly increased in the BCAA + ACE-I-treated group. In addition to the combination-treated group, single treatment with BCAA also improved the albumin level, which is consistent with a previous report (19) . We also examined the alteration of the Table II . Changes of several markers in the enrolled patients following 12-month treatment. Statistically significant as compared to before treatment (p<0.05 and p<0.01, respectively). IR status by the HOMA-IR score. As shown in Table II , the combination treatment with BCAA and ACE-I for 12 months significantly decreased the median HOMA-IR score. Single treatment with BCAA or ACE-I also tended to decrease the HOMA-IR level, but the decrease was not significant.
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Discussion
In the present study, we found that treatment with the clinically used BCAA and ACE-I markedly inhibited fibrosis progression in patients with cirrhosis under the condition of IR, along with suppression of several indices. In human livers, fibrogenesis underlies the development of HCC in at least 90% of cases, and HCC is an ominous complication of cirrhosis in 30% of patients (30) . The risk of HCC reportedly increases in parallel with the progression of hepatic fibrosis (31) . Furthermore, the existence of fibrosis itself accelerates experimental hepatocarcinogenesis (32) . Taken together, an effective therapeutic strategy for suppressing liver fibrosis should improve the overall prognosis of patients with chronic liver diseases. We recently observed that the combination treatment with BCAA and ACE-I markedly inhibited cumulative HCC recurrence after curative therapy under the condition of IR (33) . Analysis of liver fibrosis development in the same clinical groups revealed that this combined regimen markedly inhibited fibrosis progression along with suppression of several indices. These results indicated that the combination treatment with BCAA and ACE-I would improve the prognosis in patients with liver cirrhosis under the condition of IR.
In this study, we observed that the anti-fibrotic effect of this combination treatment was parallel to suppression of the TGF-β level. It is well known that TGF-β is a central key cytokine in liver fibrosis development (4). We previously reported that ACE-I, even at a clinically comparable low dose, significantly attenuated experimental liver fibrosis development along with suppression of TGF-β (26, 34) . In clinical practice, a retrospective study on liver transplanted to patients with CHC, re-infection with HCV revealed that the patients receiving ACE-I had significantly less fibrosis progression than those receiving other types of drugs (35) . In the present study, we found that the combination treatment with ACE-I and BCAA significantly suppressed several serum fibrosis markers along with TGF-β inhibition as compared to either ACE-I or BCAA alone. The combination treatment with different agents was shown to exert more potent anti-fibrotic effect as compared to either single agent (36) . It is well known that Ac-HSCs play a pivotal role in liver fibrogenesis, and that Ac-HSCs are one of the main cells producing TGF-β and collagen (4) . The exact mechanism of the inhibitory effect in this study remains obscure at this time. However, we observed that serum TGF-β and 7S-collagen were suppressed almost in parallel by this combination regimen, whereas the ALT status was not altered. These results indicated that the anti-fibrotic effect of this combination regimen was, at least partly, mediated through inhibition of Ac-HSC.
In addition, several different mechanisms are likely to be involved in the suppressive effect on the liver fibrosis progression. Angiogenesis is known to play an important role in many biological phenomena (37) . Although previous studies conducted to determine the molecular processes associated with fibrosis and angiogenesis were performed independently, recent studies have revealed that both biological phenomena emerged synergistically (38) . We and other groups reported that neovascularization significantly increased during liver fibrosis development (38) (39) (40) . We previously reported that ACE-I and BCAA exerted an anti-angiogenic activity (41) . The combination treatment of BCAA and ACE-I in patients with liver cirrhosis under the condition of IR significantly decreased several angiogenic indices, such as the serum level of vascular endothelial growth factor (VEGF) (33) . It may be possible that the anti-fibrotic effect of this combination treatment is, to some extent, mediated by suppression of neovascularization in the liver. Also, the IR status directly accelerates the liver fibrosis development via stimulation of Ac-HSC and neovascularization (16) . We observed that IR was significantly improved by the combination treatment, indicating that this effect is also likely to play an important role in the clinical beneficial effect. These coordinating different activities should contribute to the inhibitory effect of this combination regimen. Further studies are required to elucidate the exact role of each activity in the future.
In conclusion, we demonstrated that the combination treatment with clinically used safe agents, namely, BCAA and ACE-I, markedly inhibited fibrosis progression in patients with cirrhosis under the condition of IR along with suppression of several indices, such as TGF-β and HOMA-IR. Although a large-scale long-term follow-up case-control study is required, this combined treatment may represent a potential new strategy for suppression of liver fibrosis.
